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Tachyonic scalar field-driven late universe with dust matter content is considered. The cosmic 
expansion is modeled with power-law and phantom power-law expansion at late time {z < 2 for 
power-law and z < 0.45 for phantom power-law). WMAP7 and its combined data are used to 
constraint the model. For quintessence and tachyonic field, forms of the equation of state do not 
depends on type of the scalar field but depend only on scale factor function. However the forms 
of potential and the field solution are different in quintessence and tachyonic cases. Power-law 
cosmology model (driven with either quintessence or tachyonic field) predicts equation of state 
unmatched to the observational value, hence the model is excluded for quintessence and tachyonic 
field. The phantom power-law cosmology model predicts values of equation of state which agree 
with observational data (true for both quintessence and tachyonic cases), i.e. Wcf^^o — — 1.49l4^Qg^ 
(WMAP7+BAO+ifo) and ^0,0 = -l.Sltg.rs (WMAP7). The phantom-power law exponent /3 must 
be less than about -6, so that the —2 < Wcf^^o < — 1. The phantom power-law tachyonic potential is 
reconstructed. The dimensionless potential slope variable F at present is about 1.5. The potential 
reduced to V = Vb0~^ in the limit Om,o 0. 

PACS numbers: 98.80. Cq 



I. INTRODUCTION 



There have been clear evidences that the present universe is under accelerating expansion as being observed by 
various observations, e.g. the cosmic microwave background (CMB) [1-3], large-scale structure surveys [4], supernovae 
type la (SNIa) [5-9] and X-ray luminosity from galaxy clusters [10]. One prime explanation is that the acceleration 
is an effect of a scalar field which could evolve under its potential to have negative pressure with p < —pc^/3 giving 
repulsive gravity. Form of energy with this negative pressure range is generally called dark energy [11]. It is known 
that scalar field is responsible for symmetry breaking mechanisms and super-fast expansion in inflationary scenario, 
resolving horizon and flatness problems as well as explaining the origin of structures [12]. Introducing a cosmological 
constant into the fleld equation is simplest way to have dark energy [13], however it creates new problem on fine-tuning 
of energy density scales [14]. For the cosmological constant to be viable, idea of varying cosmological constant needs to 
be considered [15]. Considering dark energy as scalar field, there is possibility that the field could have non-canonical 
kinetic part such as tachyon which is classified as a type of k-essence models [16]. The tachyon fleld is a negative 
mass mode of unstable non-BPS D3-brane in string theory [17] or a massive scalar fleld on anti-D3 brane [18]. It was 
found that the tachyonic field potential must not be too steep, i.e. less steep than ^(0) oc in order to account 
for the late acceleration [19] [20]. 

In this work, we considered dark energy in form of tachyonic scalar fleld in power-law cosmology whose scale factor 
scaled as a oc with < ce < 00. The power law can give acceleration when a > 1. In history of the universe, there 
were epoch when radiation or dust is dominant component in the universe for which the scale factor evolves as power- 
law a oc 

tV2 and A universe with mixed combination of different cosmic ingredients can be modeled using: 

power-law expansion with some approximately constant a during not-so-large period of cosmic time. Adjustability 
of expansion rate is characterized by only one parameter, a which is used widely in astrophysical observations. Non- 
minimally coupled scalar-tensor theory in which the scalar field couples to the curvature contributing to energy density 
that cancels out the vacuum energy can motivate the power-law cosmology [21]. In simple inflationary model, the 
power-law cosmology can avoid flatness and horizon problems and can give simple spectrum [22]. It has proved to be 
a very good phenomenological description of the cosmic evolution, since it can describe radiation epoch, dark matter 
epoch, and dark energy epoch according to value of the exponent [23, 24]. Previously linear-coasting cosmology, 
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a ^ 1 was analyzed [25-28] with motivation from SU(2) instanton cosmology [29], higher order (Weyl) gravity [30], 
or from scalar-tensor theories [33]. However the universe expanding with a = 1 [31] was not able to agree with 
observational constraint from Type la supernovae, Hubble rate data from cosmic chronometers and BAO [32] which 
indicates requirement that i7'(2:)=const and q{z) = are not favored by the observations. 

For a specific gravity or dark energy model, power-law cosmology is considered in f{T) and /(G) gravities [34] 
and in the case of which there is coupling between cosmic fluids [35]. The power-law cosmology were also studied in 
context of scalar field cosmology [36, 37], phantom scalar field cosmology [38]. There is also slightly different form of 
the power-law function which a can evolved with time so that it can parameterize cosmological observables [39] . 

For the power-law to be valid throughout the cosmic evolution, it is not possible with constant exponent. For 
example, at big bang primordial nucleosynthesis (BBN), a is allowed to have maximum value at approximately 0.55 
in order to be capable of light element abundances [40, 41]. The value is about 1/2 at highly- radiation dominated 
era, about 2/3 at highly-dust dominated era and greater than one at present. Low value of a results in much younger 
cosmic age and does not give acceleration. On the other hand a >1 value is needed to solve age problem in the CDM 
model [23] without flatness and horizon problems. In universe dominated with cold dark matter and dark energy, 
considering that the power-law expansion happens long after matter-radiation equality era, z <C 3196 (value from 
[2]), the BBN constraint can be relaxed and large a is allowed. We consider power-law cosmology with a small range 
of recent cosmic era when dark energy began to dominate, i.e. from z < 2 to present using results from WMAP7 
[2] and WMAP7+BAO+i7o combined datasets [3]. There are tachyonic scalar fleld evolving under potential V{(j)) 
and dust barotropic fluid (cold dark matter and baryonic matter) as two major ingredients. We aim to test whether 
the power-law cosmology is still valid in the scenario of tachyonic scalar fleld by looking at value of the equation 
of state predicted by the power-law tachyonic cosmology and that of model-independent direct-observational result. 
The WMAP7 and WMAP7+BAO+i7o data used here are presented in Table I. We also consider when the fleld is 
phantom, i.e. having negative kinetic term with phantom-power law expansion [42], a cx {t^ — tY^ P <^ from z < 0.45 
till present. We determine tachyonic fleld equation of state parameter, W(f) and we perform parametric plot versus 
exponent p. We then analyze the result and conclude this work. 



II. BACKGROUND COSMOLOGY AND OBSERVATIONAL DATA 



We consider standard FLRW universe containing dust matter (cold dark matter and baryonic matter) with tachyonic 
fleld with Lagrangian, 

Aachyon = -V - d^^d^^ (1) 

evolving under the background Friedmann equation, 

^ o SttG , , kc^ 



and acceleration rate. 



H=--H =-— ^-(p^C +P0+PmC +2^mj + -^ (3) 



Tachyonic fleld energy density and pressure are 

- (4) 



P4> = -V{^)sjl-er (5) 

where e = ±1. The negative e represents the case when kinetic term of the tachyon is phantom. The tachyonic fluid 
equation reads 

. V' 

3He^ + -f7 = (6) 



1 - e02 - y 

Using Eq. (4), (5) and (6) in the (3) (dust pressure is zero), we obtain 



H = -—\^^+Pmc'\+-^ (7) 
1 - e<62 ' 
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Using tachyonic density (4) in the Friedmann equation therefore 



V 



0^ 



87rG/c2 



kc^ 



PxaC 



(8) 



Substituting (8) into the equation (7), we obtain 



H 



SttG 



kc^ 



kc^ 



which can be rewritten as 



and hence 



2ij- (2 A;cVa2) +87rG/)m 
3i72 + (3A:c7a2) - STrGpn 

: 2 _ 3/f^ + 2ij + (fecVa^) 
We use the above expression in the equation (8), as a result we can get tachyonic potential 



V 



87rG/c2 



kc^ 



The tachyonic equation of state, W(f, is, from (11), 



-{1-4') 



/ 3iJ2 + 2ij + (A;c2/a2) 
/ 3il2 + (3)fcc2/a2) -STrGpm' 

3g2 + 2ii+(fcc2/a2) 

3J?2 + (3fcc2/o2)-87rG'pn 



This can be weighed with the dust-matter content to give an effective equation of state, Weff = p^w^/{p^ 
all information above, Weff is expressed as 



W4, 



1 



87rGp^/3 



(9) 



(10) 



(11) 



(12) 



(13) 



Pm). With 



(14) 



We found that the equation (13) and (14) are the same for both quintessence scalar field [37] and tachyonic field 
cases, albeit the (j) and V{(j)) are expressed differently in both cases. That is for both quintessence and tachyonic 
cases, W(f) does not depend on the scalar field model but depends on the form of expansion function. This is also true 
for it;eff,o- The equation of state is also independent of the sign of e which indicates negative kinetic energy. Using 
power-law expansion and phantom power-law expansion into (13), one can find the present value of the equation of 
state, W(f)^{). This value is a (phantom) power-law prediction of the W(f)^Q. We can compare this predicted value to the 
model-independent w^^^o obtained from CMB observation. 

The derived data from WMAP7+BAO+i^o and WMAP7 are presented in Table I. We will set ao = 1 and consider 
fiat universe /c = (but keep it in formulae for completeness). Dust density is defined as prn,o = ^m,oPc,o • Total dust 
fluid density at present is sum of that of all dust mater types r^m,o = ^cdm,o + ^b,o- Present value of the critical 
density is pc,o = SHq/SttG, and radiation density is negligible. We take the maximum likelihood value assuming 
spatially flat case. Although in deriving to, the ACDM model is assumed with the CMB data, however one can 
estimably use to since wj^^e is very close to -1. In SI units, the reduced Planck mass squared is Mp = hc/SirG. In this 
work, we also give correction to errors on future singularity time, tg (phantom power-law case) reported previously 
in [38] and improve values of W(f)^o of the phantom power-law case in [38] and of the usual power-law case reported 
earlier [37]. 



III. POWER-LAW COSMOLOGY 



In power-law cosmology, scale factor is a function of time as 

t 



a{t) = ao 



to 



(15) 
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Parameter WMAP7+BAO+i7o WMAP7 



to 13.76 zb 0.11 Gyr or (4.34 ± 0.03) x 10^^ sec 13.79 zb 0.13 Gyr or (4.35 ± 0.04) x 10^^ sec 

Ho 70.4 zb 1.4 km/s/Mpc 70.3 zb 2.5 km/s/Mpc 

(2.28 zb 0.04) X 10"^^ sec-^ (2.28 zb 0.08) x 10"^^ sec"^ 



^b,0 


0.0455 ± 0.0016 




0.0451 ± 0.0028 


^^CDM,0 


0.226 ±0.015 




0.226 zb 0.027 


^m,0 
Pm,0 
Pc,0 


0.271(5) zb 0.015(1) 

(2.52(49)^^16164]) X 10-- 
(9.29(99)^°-[-)) X 10-- 


kg/m^ 
kg/m^ 


0.271(1) zb 0.027(1) 
(2.52(12)+°/3°fJ)) X 10-- kg/m3 
(9.29(99)+°:-[:^]) X 10-- kg/m3 



TABLE I: Combined WMAP7+BAO+i7o and WMAP7 derived parameters (maximum likelihood) from Refs. [2] and [3]. 

Here we also calculate (with error analysis) Qm,o — ^b,o + ^cdm,o, critical density: pc,o = SHq/SttG and matter density: 
Pm,o = ^m,oPc,o- Thc spacc is flat and ao is set to unity. 



The speed is d = aa/t and the acceleration is d = a{a — l)a/t'^. The Hubble parameter is H{t) = d/a = a/t with 
H = —ajt^. The deceleration parameter in this scenario is g = —ad/d^ = (1/a) — 1, that is a = l/(g+ 1). As a > 
is required in power-law cosmology, hence q > —1 and Hq > 0. To convert into redshift 2:, from 1 -\- z = a^/a then 
1 -\- z = {to/t)^. Typically astrophysical tests for power-law cosmology indicating the value of a are performed by 
observing H{z) data of SNIa or high-redshift objects such as distant globular clusters [43-45]. To indicate the value 
of a one can also use gravitational lensing statistics [28], compact-radio source [46] or using X-ray gas mass fraction 
measurements of galaxy clusters [47, 48]. Study of angular size to z relation of a large sample of milliarcsecond 
compact radio sources in fiat FLRW universe found that a = 1.0 ± 0.3 at 68 % C.L. [46]. WMAP5 dataset gives 
a = 1.01 for closed geometry [36]. Some procedures of measurement give large value of a such as a = 2. 3^0 7 (X-ray 
mass fraction data of galaxy clusters in fiat geometry) [47] and a = 1.621q J9 (joint test using Supernova Legacy 
Survey (SNLS) and H{z) data in fiat geometry) [43]. Notice that assumption of spatial curvature is assumed in these 
results in the process of finding a except the WMAP5 which possesses constraint on spatial curvature in its results. 
When a is found with curvature-independent procedure (i.e. with neither SNIa nor cluster X-ray gass mass fraction) 
or in fiat case, a value is near unity. For example, H{z) data gives a = 1.07^0 

[43] and a = l.Hto.ii [37, 45]. Short 

review of recent a values can be found in Ref. [37]. Here a is calculated from value at present Ho^to as a = Hoto. 
From (13) and (14), in case of power-law cosmology driven by tachyonic field, the equation of state of dark energy is 



{3ayt^)-{2a/t^)^{kcyal){to/t) 



2a 



{Sayt^) + {3kcyal){to/ty^ - 87rGpn.,o(toA) 



3a 



(16) 



and 



{ayt^) + ikcyal){to/t)^" 



(17) 



At present, t = to, '?^eff,o = — 1 + 2/(3ce). In Table II, values of equation of state parameters derived in the power-law 
cosmology (true for both tachoynic and quintessence) do not match observational data, i.e. w^jy^o and ^t;eff,o found 
here are much greater than observational (spatially fiat) WMAP derived results, for example WMAP7 data^: Wff^^o = 
-1.12toil, WMAP7+BAO+iJo combined data^: w^^o = -l.lOto\t (68 % CL), WMAP7+BAO+i7o+SN data^: 
w^^o = -1.341q 3g (68 % CL) and WMAP7+BAO+iJo+SN data with time delay distance information correction^: 
'^0,0 = ~l-3llo.38 (^^ ^ CL). We conclude that the quintessential scalar field [37] and tachyonic field in power-law 
expansion universe are not viable. 



fiat geometry, constant Wc/y^o (Sec. 4.2.5 of Ref. [2]) 
^ fiat geometry, constant lu^^o (Sec. 5.1 of Ref. [3]) 

^ flat geometry, time varying dark energy EoS, W(f){a) = wq -\- Wa{l — a) with wq = —0.93 ± 0.13, Wa = — 0.41^q'^^ (Sec. 5.3 of Ref. [3]) 

^ flat geometry, time varying dark energy EoS, W(j){a) = wq -\- Wa{'^ — a) with wq = —0.93 ± 0.12, it;a = — O.SS^Q'gg (Sec. 5.3 of Ref. [3]) 
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Parameter 


W M AP 7+ B AO + ii 


WMAP7 


a 

W(t>,o (with power-law cosmology) 
^eff,o (with power-law cosmology) 


0.98(95) ±0.01(87) 
-0.44(79)^^:-/-) 
-0.32(63) dz 0.01(25) 


0.99(18) ± 0.03(60) 

-0.44(98)^n^.[s?) 
-0.32(78) ± 0.02(35) 



TABLE II: Power-law cosmology exponent and its prediction of equation of state parameters. The value does not match the 
WMAP7 model-independent results. 



IV. PHANTOM POWER-LAW COSMOLOGY 



In this section, we can check if phantom power-law could be a valid solution for the tachyonic- driven universe (also 
true for quintessence). The phantom power law reads 



a{t) = ao 



ts-t 

ts — to 



(18) 



with speed, d = — ao/3(ts — t)^~^/{ts — t^Y = —Pci/its — t) and acceleration, d = ao(3{(3 — 1) (4 — t) /(t^ — to) = 
P{P — l)a/ (tg — t)^ where 4 is future big-rip singularity time [42]. For both d and d to be greater than zero, i.e. both 
expanding and accelerating, the condition /S < is needed. The Hubble parameter is therefore. 



a 
a 



H = - = - 



ts-t 



hence 



H = - 



{ts-ty 



(19) 



At present, we can find f3 = i?o(^o — 4)- The deceleration parameter is q = —ad/d^ = {1/ P) — 1. The dust matter 
density, = Pm,o^io/^^ then 



Pm,0 



4 ~ ^0 



3/3 



Substituting these equations into (13) and (14), we obtain, 

/3(3/3 - 2)/{U - tf + [k^/al) [(U 



WeS 



- 1)] 



2/3 



■ty + {'ikc^lal)[{t,~to)l{U-t)f - 
(87rG/3K,o [{ts-to)/{U-t)f'^ 

2/3 



313 



pyit, - t)2 + (fccVa2) [{t, - to)/{t, - t)] 



(20) 



(21) 



(22) 



To convert to redshift one can use l-\-z = ao/a therefore l-\-z = [{ts — to) / {t^ — t)]^ and tg — t = (tg — to)(l + ^) "^^^ 
At present, t = to, '^eff,o = — 1 + 2/(3^5). The big-rip time tg, can be calculated from 



~ ^0 — 



3(1 + wbe) Ho - nm,o 



(23) 



Here, w^e must be less than -1 and in deriving this above expression fiat geometry and constant dark energy equation of 
state is assumed [42]. We will estimably use tg from this formula. In finding error bar of tg, we exploit better procedure 
than that performed earlier in [38] by considering that the second order of error bar multiplications are too large to 
approximate to zero. We discuss this in the appendix. Results presented in Table HI are /3, 4 and the equation of 
state. For phantom power-law cosmology driven by tachyonic field (also true for phantom quintessence), the resulting 
value is w^^o = -'^-^^-Im^ (using WMAP7+BAO+iJo) and -l.Slt^;^^ (using WMAP7). These do not much differ 
from results from WMAP7+BAO+i7o+SN data (fiat, varying darlc energy EoS) which gives w^^o = -1-34^0 35 (68 
% CL) and WMAP7+BAO+i7o+SN+time delay distance correction data (fiat varying dark energy EoS) which gives 
'^0,0 = ~l-3llo.38 (^^ ^ [3]- Using observational data in Tables I and HI we derive 



'^0,0 



'^0,0 



1 - 2/(3/3) 



l-(16.60//32)_ 

1 - 2/(3/3) 



1 - (II.47//32) 



(WMAP7 + BAO+iJo) 
(WMAP7) 



(24) 
(25) 
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With these, we show parametric plots of the w^j^^o and /3 in Fig. 1. The values measured for /3 and t^^^o are the purple 
cross (WMAP7+BAO+i^o) and yellow spot (WMAP7). For -oo < /3 < -6, w^^o lies in the range (-1,-2). Fig. 
2 shows evolution of w{z) in late phantom power-law universe from < z < 0.45, i.e. t = 8.48 Gyr (both datasets) 
tiU present era (this is to avoid singularity in dit z = 0.492 (WMAP7+BAO+i^o) and at z = 0.484 (WMAP7)). 
These are equivalent to 5.28 Gyr ago (WMAP7+BAO+iIo) and 5.31 Gyr ago (WMAP7). 



Parameter 



WMAP7+BAO+i7o 



WMAP7 



W(f)^o (with phantom power-law cosmology) 

'^^cff,o (with phantom power-law cosmology) 



-7.81(08)^™ 
122.30(0)+f3^3^,^^^^ Gyr 
-1.48(99)^--!-) 



-6.50(72)^-.-[-) 
104.21(5)+?^:?^f,] Gyr 
-1.51(26)+'-''(''^ 



-1.08(54) 



hO. 25(60) 
-0.11(98) 



-1.10(24) 



6.71(90) 

+0.15(52) 
-0.37(12) 



TABLE III: Phantom power-law cosmology exponent and its prediction of equation of state parameters. The equation of state 
lies in acceptable range of values given by WMAP7 results. Large error bar of Wcp^o is an effect of large error bar in tg. 



V. TACHYONIC POTENTIAL FOR PHANTOM POWER-LAW COSMOLOGY 



From (12) the tachyonic potential of the phantom-power law is not the same as the quintessential potential. We 
start from considering equation (10) for fiat space and e = — 1 hence = {2H -\- SttG pm) / {^H'^ — 87rGpm)- We make 
approximation that the dust term is much less contributive compared to the H and terms therefore, 



i2 



2H 
3IP 



2 



Since P < always then — /5 : 



Integrating from t to tg, and choosing positive solution, 



m 



(is - *) 



(26) 



(27) 



We set B = y^3|;5|/2, hence — t = Bcj). Using the equation (12) we find that 



v{4>) 



2 o2 



k{B4>Y 



Pmfl C 



to 



B(j) 



3/3' 



1 - 2/(3/3) 



l-/Om,o['t/(3/32)] {Bcpy 



1/2 



(28) 



where k = SttG. Note that the term 1 — 2/(3/3) is just — tt;eff,o- We can rearrange the potential in form of cosmological 
observables i^o, o and 



m 

A<2 



31/31/2 



2+31/31 ,3|/3| 



l + 2/(3|/3|) 



1/2 



.i-(3/2) n,,,oHicpy\/3\_ 

where P = I3{q) = (1 + q)~^' This is plotted in Fig. 3 where the field values at present and at z = 0.45 are 



(29) 



(f){z = 0) = 1.268 X 10^^ sec 
(t){z = 0) = 1.392 X 10^^ sec 



and (t){z = 0.45) = 7.803 x 10^^ sec (WAMP7 + BAG + Hq) 
and (t){z = 0.45) = 8.555 x 10^^ sec (WAMP7) 



It has been known that in order for the tachyonic potential to account for the late acceleration, it should not be 
steeper than the potential V oc (/)~^ [19]. To check if our derived tachyonic potential could fit in this criteria, that is 
shallower than V oc 6~'^, we use dimensionless variable, 



yf2 



(30) 



where ' denotes d/d0. For the potential V (x (j) ^, we have F = 3/2. Hence in general the potential with F < 3/2 
satisfies this criteria. Considering the potential (29) we use both derived datasets to compute its dynamical slope F((/)) 
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%,o(>9) 



^ WMAP7 



^ WMAP7+BA0+//r 




-8 








-1 



J 




-2 



-3 



-4 



FIG. 1: Present value of phantom tachyonic dark energy equation of state plotted versus /S and their error bar resulting from 
error bar in /3. This is the same in quintessence case. 

which is in very complicated form. We plot this in Fig. 4. We found that using our data with the field value at present, 
for WMAP7+BAO+iJo, r(^(z = 0)) = 1.503 and for WMAP7, r(^(z = 0)) = 1.505. These values are approximately 
the same as that of V cx Note that the V oc potential is found when the universe is filled with tachyon field 
as single component. Indeed in the limit r^m,o ^ 0, our derived potential (29) becomes V cx (/)~^. Note that for other 
tachyonic potentials such as F = Vq / [cosh{a(j) / 2)] and V = V^e^^^'^^^'^^'^ ^ their slopes are F = 1 — csch^(a(/)/2) and 
1 + (m^)~^ respectively. These examples are typical tachyonic potentials which also have dynamical slopes. In Fig. 
4, F(^) diverges twice however, in the region we consider {z = 0.45 ^ z = 0), the value of F stays approximately at 



In this work model of tachyonic-driven universe are investigated for usual power-law cosmology and phantom 
power-law cosmology. The universe is flat FLRW filled with tachyonic scalar field and dust matter. We consider late 
universe when dark energy begins to dominate, i.e. z < 2 for power-law cosmology and for z < 0.45 for phantom 
power-law cosmology. WMAP7 data and its derived data when combined with BAO and H{z) data are used in 
this study. We find power-law, phantom-power- law exponents and other cosmological observables and we improve 
data reported earlier in [38]. We find that although the forms of potential and the field solution are different for 
quintessential scalar field [37, 38] and tachyonic field, however the equation of state are in identical form for both 
quintessential scalar field and tachyonic field. This is to say that, for quintessence and tachyonic field, the equation 
of state does not depends on type of the scalar field but depends only on forms of expansion function of the scale 
factor. The present value of dark energy equation of state predicted by quintessential and tachyonic power-law 
cosmology models do not match both WMAP7 datasets. We conclude that the usual power-law cosmology model 
with either quintessence or with tachyonic field are excluded by these observational data. When considering the 
other case, i.e the phantom power-law cosmology, the model predicts values of equation of state not much differ from 
results from observational data (true for both quintessence and tachyonic cases), i.e. il'^^q = —1 -49^4^)3^ (phantom 
power-law using WMAP7+BAO+i7o) and W(f)^o = —1.51^6.72 (phantom power-law using WMAP7 data) compared 
to w^^o = -1.34lJ;^^ (WMAP7+BAO+i^o+SN data): and w^^o = -l.SltoJg (WMAP7+BAO+i^o+SN+time delay 
distance correction data) [3]. From parametric plot in Fig. 1, at /3 < — 6, ^^;0,o is in the expected range (-2, -1). We 
reconstruct the tachyonic potential in this scenario and we find that the dimensionless slope variable F of our derived 
potential at present time is about 1.5. The phantom-power- law tachyonic potential found here reduced to V = Vo(j)~'^ 



1.5. 



VI. CONCLUSION 
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WMAP7+BAO+/fo 
WMAP7 
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0.2 



0.3 
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FIG. 2: Phantom tachyonic (and quintessence) dark energy equation of state versus z. 
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2x 



FIG. 3: Potential versus field using WMAP7+BAO+ifo, WMAP7 



in the hmit l^m,o 0. 
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Appendix: Errors Analysis 

In calculating of the accumulated errors, we follow the procedure here. If / is valued of answer in the form 

/ = /(xi,X2,...,Xn) (A.l) 

and /o is the value when Xi is set to their measured values, then the value of fi is defined as 

fi = f{xi,...,Xi +Cri,...,Xn) (A. 2) 

This value of / is the value with effect of error in variable x^, that is (Ti. One can find square of the accumulated error 
from 

n 

<'} = T.^fi-fof (A.3) 

i 

Hence giving the error of / from accumulating effect from errors of Xi. 
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